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Investigation of Airflow in a Room with Displacement 
Ventilation by Means of a CFD-Model 
The airflow in front of an inlet device in a room with displacement ventilation is 
investigated in this study. In continuation of the full-scale measurements and the 
development of a CFD-model, described in /11, this report aims at testing the model and 
conducting numerical experiments to provide a detailed description of the air current along 
the floor. It is investigated if the model results comply with a theoretical model. 
Configuration of the room 
The test room is equipped with an inlet device standing on the floor at the long wall. The 
heat sources are situated close to the opposite wall. 100 W is supplied to each of the two 
person simulators and 400 W is supplied to a small heat source standing on a table. Two 
exhaust openings are situated in the ceiling. The arrangement is assumed to create 
symmetrical flow in the two halves of the room. 
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Figure 1. 
CFD-model and boundary conditions 
The CFD-model is based on the standard k-E turbulence model. The Navier-Stokes 
equations are employed together with the continuity equation and transport/diffusion 
equations for relevant scalars. The set of variables includes the velocity components U, V 
and W for the x,y and z-directions, pressure, P, temperature, T, turbulent kinetic energy, 
k, and dissipation of turbulent kinetic energy, f. The full governing equations can be 
found in I 11. 
The governing equations are discretized using the HYBRID-scheme /2/ and for the results 
presented here a non-uniformly spaced computational grid of nx=33, ny=26 and nz=25 
has been applied. 
Due to the assumption that a symmetrical flow prevails in the room, the calculations are 
restricted to only one half of the room. Boundary conditions corresponding to a symmetry 
plane are thus applied, implying that all variables at the grid nodes adjacent to the centre 
plane are specified in order to maintain gradients equal to zero. 
Boundary conditions are specified at inlet, outlet, solid surfaces and heat sources. 
Inlet: The inlet device is described as an obstacle and a uniform U-velocity 
profile is used at the inlet boundary. The inlet velocity is determined as 
U0=qol~ and values of k and fare equal to 1.1·10"" m2/s2 and 1.2·10·5 
m2/s3, respectively. 
Outlet : The outlet serves to remove mass and heat. It is important that the 
demand for conservation of these properties is satisfied. The outlet 
velocity is found by dividing the supply air rate by the area of the 
outlet, U..,.=qJA..,., and the outlet temperature is continuously checked 
throughout the calculation. 
Solid surfaces: Traditional wall laws are applied in the momentum, k and f equations 
/3/. A Discrete Transfer radiation model /4/ is used to take into 
account the radiative heat transfer between the surfaces of the room. 
Floor, ceiling and walls are assumed to be adiabatic and e.g. a radiative 
heat gain is transferred direct! to the adjacent air volume. 
Heat sources: To model the thermal plumes above the heat sources properly without 
spending too many grid nodes in the area close to the heat sources 
simplifications are needed. The surface temperatures of the heat sources 
are specified and the convective part of the heat transfer is calculated as 
the total supplied heat minus the radiative heat transfer. 
Model of stratified airflow in front of the inlet device 
The air in front of the inlet device spreads across the floor in an approximately radial 
pattern. The description of this type of flow is presented in /5/ and /6/. Figure 2 shows 
the initial angle of spreading, a0 , and at a distance from the inlet device where the 
stratified flow has been established the flow field is subdivided into angular sections, ~a. 
For each ~a the airflow rate, q4e. at a distance, x, from the inlet device is found by 
integration across the vertical velocity profile, see ref. /6/: 
2 
Figure 2. 
.. 
qA8 = ll.8(x+xJlJUzJ /(fl)dT} 
0 
If the maximum velocity, u., and the layer thickness, d, are assumed to be constant 
along the angle 80 q .. could also be expressed as : 
(1) 
(2) 
where e is entrainment. Eq.(l) is inserted in eq.(2). 
e 1 
= --~----
! 
x+x0 
60lJ /(fl)dfl 
0 
(3) 
e .. 
where e, 80 , d and thus K are functions of the Archimedes number, Ar, see ref. /6/. 
Measurements, however, indicate that the maximum velocities and the layer thickness often 
vary with the angle and they are consequently denoted u .. , and d,, respectively. An 
equation similar to eq.(3) is derived. 
3 
(4) 
qa 1 
K6(Ar) = --""--
qo oa[f(T})dT} 
0 
Eq.(4) can thus be applied for the description in general of the dense air current along the 
floor. 
Specification of test cases 
Bearing in mind eq.(4) it is the purpose of the numerical experiments to describe how the 
Archimedes number influences the airflow. Furthermore, the variation of the flow field 
with the horizontal angle, 6, is investigated. The inlet flow rate has been altered to obtain 
different values of the reduced Archimedes number, Ar, in the range of 90 - 5400 
°Cs2/m6 • The disturbances of the flow field caused by placing a solid obstacle on the floor 
in the full width of the room are also investigated. 
The model results given below show some interesting basic features of the displacement 
ventilation principle, but it should be emphasized that the numerical model may not be able 
to capture all important physical characteristics of the flow. Due to the complexity of the 
flow the model may have some shortcomings but the application of the CFD-model offers 
the possibility of avoiding time-consuming measurements. 
References 
Ill T.V. Jacobsen, Airflow and Temperature Distribution in Rooms with Displacement 
Ventilation, Ph.D.-Thesis, Dep. of Building Technology and Structural Engineering, 
Aalborg University 1993, ISSN 0902-7513 R9328. 
/2/ S.V. Patankar, Numerical Heat and Fluid Flow, McGraw-Hill, New York 1980. 
/3/ B.E. Launder & D.B. Spalding, The Computation of Turbulent Flows, Computa-
tional Methods of Applied Mechanical Engineering, vol. 3 1974. 
/4/ F.C. Lockwood & N.G. Shah, A New Radiation Solution Method for Incorporation 
in General Combustion Prediction Procedures, International Symposium on Combus-
tion 1981. 
4 
/51 P.V. Nielsen, Velocity Distribution in the Flow from a Wall-Mounted Diffuser in 
Rooms with Displacement Ventilation, Proc. of ROOMVENT '92, Aalborg 1992. 
/6/ P.V. Nielsen, Velocity Distribution in a Room with Displacement Ventilation and 
Low-Level Diffusers, Internal Report, International Energy Agency, Energy 
Conservation in Buildings and Community Systems, Annex 20, ISSN 0902-7513 
R9403, 1994. 
5 
f f I ! ! 1 r 11 \ i f ~;;j ~ g \\! r T T r r t t \\l i i 1 r f i t t t t ~ H I>< 
\ 1 t t i r T f i ' 
' t t f f r r t lfrrt"i \ \\ \ •u 
t ' t t f 1 1 i r r t ! ! !!TJ;;; (I) Jt 
1-t 
' ' t I I 1 I t 1 , I \ \ \\i 
\ i ' i i i i 1 1 i r T Q.) / I r I 
"8 / ' \ ' I r I 1 1 \ \ \ \ i i i i i 
i i r 
a 
' \ ' 1 I r 1 I T I 1 \ \ \ \ \ i i i i i i 1 r r rrrrq ~ (I) 
Q.) 
'3 ' ' ' I I I 1 I t T f \ \ \ \ \ \ \ i i i s 1 \ \ \ \ \ \ \ \ i i :.s ' 1 I t 1 1 1 u 
1-t \ \ \ \ \ \ \ \ .i iT i~ ~ < l J I t 1 I r 1 ' ' 
\ \ 
... r:l) I t 1 I '\ \ \ \ \ \ \ \\ \\in M 
d 8 ! J 
r 
Q.) '\. '\ \ \ \ \ \ \ \ \ i i 11111 1-t I t 1 I '\ '\ 
~ 
! j r 1 
\0 
11') 
...... 0 '\ '\ '\ '\ '\ \ \ \ \ '\ \ \\ 
"0 ! j 
, I I I 1 1 '\ 
1-t 
i '' '' ""'"""' "\ "\ \ ~ ! j ' 1 ' i I 1 {/} ~' ' " ' '~ '' ,. ... I ' \ 0 ! j ' ' ...... 
~'' " ''"~'~ c.. 1-t t ! ' I \ \ \ ' 
0 8 8 :'-..."'- ....... "'-.. '~~~'~ ... \ \ \ \ u 0 t ! I \ ' M 
Q.) 0 
0 
> ! I I 1 I \ ' ' 
:'-..."'- ....... 
11 
0 
N Ill l \ ' - ' 1 I . - 11 !'.. .............. 
'- ' - - ~ / , :>-. !'.. .............. - ~ ~ 
V) ---~~ r· 00 ::4. :=4. ~ :::. ;:::; 
V) 
M ~~ .......... _,. _, 
00 
V) ,......., ---7.: ~ -----)- ~-+/ 0 M 
11 g 0 
V) ,......., 
0 0 0 11 .§,0 
..f ~ 
0 
<~ >. M M 0 
0 0 0 - ~ N .._; ~ M -
Ar, = 5385 , z=4.0m 
y [m] 
4.0 ... ---+-<t-- +-- ~ <(;--" ~ <(;--" <f;--" 
'"'-"""""<"<"' v v --- ,/ ,/ ,/ .-- / ;:;;;;;;;;iJ I I 1111/ 
J/1/1/ // / / / / / / / / / .I I I I 
I I I 
I I / j j j 
J/J/ Ill .I / / / / / .I .I / I 
3.0 Jjj/1 I 11 I I / .I .I / I I I 
JJjjj j I I I I I .I I I I I I 
JJjjj / j j I I I I I I I I I 
j j /jjj 
j j j j J I I ,/ I 
I I I 
I I I 
I / I I I 
I j / / J 
2.0 J,JJJJ j j j j I I ,/ I I I I I I I I 
I I I 
.I I I I I 
J,.UJJ j J j j I I I I 
UUJ J J J j j I I I 
j
Jj,J J J J J J j I I 
1.0 Hf f jj j i ~ ~ ~ 
U!! J J I I I 
tH! J J I I I 
Hill J J J J ' I ' 
l ~~ ~ n ~ ~ ~ ~ ~ ~ 
0.0 ff f~h ~ ~ ~ ~ ~ ~ ~ 
I 
I 
I 
I 
/ 
0.0 1.0 2.0 
Ar, = 5385, x=6.0m 
3. 
' J 
... ' 
- ' 
I I I 
I I I 
I I I 
I I I 
I I I 
I I I 
/ / I 
3.0 
- \ I 
\ I I 
\ ~ J 
\ 1 
~ i 
1 ~ l 
! l l 
J l l 
J ! ~ 
J ! l 
' ' l 
\ \ ' 
~ ~ ~ 
~ ~ ~ 
~ ~ \ 
' ' \ .... ' '
2.0 
7 
I I I ' ' J l l! 
I I I I I I I I .J J U 
I I I I I J I J J JU 
I I I I I ' J! IJII 
I I I I ' J J J I , •• 
I I I / I '. '. I I ·, it 
/ I I ' 
- "'/ / //lltf 
~ ~% ~ ~ ~~~!!'!! 
~;;: / / ~ ??/!'! 
~ ~ ~ /! / /'/'/'/!! 
:::::: :::::: :::::0 :::::: ;;::; :::z :::::: :::::: ::: :::. ~~ 
4.0 
I I ' 
! 
~ 
! 
l 
l 
\ 
\ \ \ \ 
~ ~ 1 l 
~ ' ' ' ' ' ' \ 
3.0 
' 'l 
I l J 
l I l 
I I Jl 
I I '' 
. . ' 
'\ '\ i 
\ \ i 
i i 1 i ~ ' , ' t, ' . ' 
5.0 
4.0 
6.0 
x [m] 
z [m] 
Ar, = 720 , z=O.Om 
y [m] -->--9> 0.5 m/s 
4.0 ~~~~~~~=----'l~~~*~~~~~~~ 
~ 1 ........ ...---..-~ ~ ~ of-- ~ ~ oE--~ -E-- -E-- <E--·"<--k-~-"-
3.0 
JJJII'"'-
lJJ J J J I 
HIH j I 
!J.!i I I \ 
2.0 HI-ll\ ' -
~ \\ \, ..... - - ..,A ./' /' ,-1 .,. 
\ \ "'""' ~- - ~ 
1.0 "-•.. ,.. ....... " \ ' ~ 
Ar, = 720, y=0.03m 
z [m] 
4.0 t \ , ... ' ' ... 111\\\\\ 
'""'' i 
'"" ii i 
i 
i Hit" '\ i 
3.0 
i itt1i i i i 
2.0 
0.0 1.0 
t 
i 
i 
i 
1 f 
1 t 
r 1 
1 l 
., 
! 
! 
1 
! 
2.0 
,. f 1 
- - - --. - - -='' - _.'! 
l /" ? .,.,;r ............ ..- ......... 
l /' /" ./' ....-» .,.. ........... ;o .. 
! /' /' /' /" ..?' ,_.,.Jr,.,..:. ...- __ , 
/' ./' /" ? /" ,A .,A -"' _., _. ........ 
? /' /" ./" ./' 
/ /"? ? ,A ~ ~__,..__.-
/ ? ./" ..-"> ------
3.0 4.0 5.0 6.0 
x [m] 
8 
Ar, = 720 , z=4.0m 
Y [m] 
4.0 "' __.......... ,..._.. .- ot-- - - - - --- ...- .- .- .-- ;; / - -- ...--" .1'.1'//IJ '"R.r..--..--v- .,..-- y .,..--- .,..--- .,..--- ~ ~ .,..--- .,r' / ,/ / .I I I ./11/j 
J./11/.1// /' /' / / / ./ /// ,/ .I I I I j j j j j 
!JJJ/1.1.1 ,/ ,/ / / / / ,/,/ ,/ / I I I j j j j j J 
3.0 JJJ./1111 / / ,/ .I / ,/ I I I I j I .j I j j j J 
JJLjj I I I I I I I I I .I I I I I I I / j j j 
JJJJJ ./ ./ I I I .I I I I I I I / / I ./ I I I J JJJ' 
2.0 JjjJ .fJ J I I I I I I I .I / / .I .; ,/ ,/ ,/ I I I J jj' 
JJJJJ J J J ,/ I I I I I / I .I / .; ,; ,/ ... I J I J ~ I 
lJJJ JJ J J j / j j I j I / ,; / ,; I I I I I J . J r · 
JUl J J J J j I j I I I I I I I I I I I I J J ' ,i 
u~~JJ J' j I I I I I I I I I I I I I ' ' ' 
, I 
1.0 ~Ill J J J J ' ' I I I I I I 
I I ~ 
. I I I 1 
,/ ... ' 
. " / ! ! I f f f , .... I I I J I I I I I ! I I 1 1 t 1 t , 1111'' ' ' ' ' , I ' ! ! rn11 \ \ \ i i ' l I ! f 
l ~ I I I I I I I J 1 1 ~ ~ ~ ~ l l f ~ ~ ~ ~ ) I! J 1 1ih ~ ~ ~ f ~ ~ ~~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ /'/'/'.?/! 0.0 ~ ~ ~~~ ~ ~ ~ ~ ~ ~ ~ :: ~ :::: ;A ::::: ::::: ::::: ::::: ::::: :::::::::: ~ ~f! 
0.0 1.0 2.0 3.0 4.0 5.0 6.0 
x [m] 
Ar, = 720, x=6.0m 
Y [m] 
4.0 
-- - - - ..... 
3.0 I ' I I 
i I J I I " 
! i ' J J 
2.0 ~ 'I 
~ ' I I 
~ ~ I I ' ' 
i 
' ' ' 
1.0 \ 
I I \ 
~ 1 r r 0.0 ~ .... ~ ! ! 
0.0 1.0 2.0 3.0 4.0 z [m] 
9 
Arr = 94 , z=O.Om 
Y [m] 
4.0 
3.0 
! j 111 ' ' -
2.0 I 11" , - - -
l \ \~ .... - - - -
\ ... ----- -
1.0 
0.0 
0.0 
Arr = 94 , y=0.03m 
z [m] 
4.0 . "" ' ' ' 
-->...;. 0.5 m/s 
..... _ ............ ' ..... ..... ..... ...... ...... ' " '\ ' \ ' ' \ ' \ ' 
3.0 
2.0 
1.0 
.......... \'\'\'' 
' 
f ! 
! I 
1 
1 ! I 
10 
f ! 
! ! ! ! 
l 
6.0 
x [m] 
6.0 
x [m] 
Ar, = 94 , z=4.0m 
y [m] 
4.0 . - -. . ... _____ -- .-
I ./.Vr"r""lf"" Y"' ir"' ....... 
J Jl/1 // / ,/ ,/ 
!J/.//.1 .I/ / 
3.0 JJU// I/ / 
JUUI/11 
JWUI / I 
2.0 !lJJJJII I 
ll U J J J I I 
.. "'""'\' l I I 
1 f ,, ' ' . • 
1.0 j'"" \ \ \ i111i \ i \ 111" \ \ ' ti'li\ \ \ \ 
fH\\\\\ ' i1'\"\\\\ \ \ 
t""' '' ' 1 \\\\' ' ' ' ,,,,,,,, ' !~~~~~:::~::: 0.0 
0.0 
... 
,/ 
/ 
/ 
I 
I 
I 
' -
' \ 
\ 
\ 
\ 
\ 
' ' .... ::: 
1.0 
Ar, = 94 , x=6.0m 
Y [m] 
4.0 
3.0 
2.0 
1.0 
0.0 
0.0 
.- --...... ...... 
,/ y 
,/ ,/ 
/ / 
/ / 
/ .! 
I .I 
I I 
' I - -
' ..... ' ' ' '\ ' ' ' ' ' ' ' ' ' ' .... ..... ::: ::: 
<- - ---,_.- ,_.- ,_.- .,..--- .,..---
.,..-- .,..-- ,/',/'/ 
/ / / / / 
,/ ,/ ,/ ,/ ,/ 
,/ ,/ ,/ / / 
/ / ,/ ,/ ,/ 
,/ / I .I .I 
.- .I I I ' 
- I I .- -
- - - .._ ....__ ...._ ...... ....__......__......__ 
...... ...... ......_,, 
'\ ' ' '' '\ '\. ' ""'""' '\ '\. ' ""'""' '\ ' "\. ' ' '\ ' '\. ' '\. ' ...... ...... ...... ...... ..... ..... ...._ ...... ...... ::: :::: ::::: :::: ::::: 
2.0 3.0 
1.0 2.0 
11 
- ; ... *"' ,... -- - - - "' J ' I Ill / ,/ / .! I J J J J j J~ 
/ ,/ I j j 1 l J J J u 
,/ I I j J J llllJJJ 
./ I j I J l l L llJJJ 
/ .! / I I l ! l J l J.JJ 
.! I I J I J l l J J JJ' 
I I I I ' I J J J l i I ' 
' I I I ' I ' J I I '" - .- - .- - - -- - ' ii 
''- ...... ....... ......_ ....._ ....__ ............ ' \ '\ 
......__ ......__ ......__ ......__ ........ ' '''"i ' ' ' ' ........ ''''" ' ' ' ' ' "'-."'-.'\.'\.\ '\ ""' ""' ""' ""' ' 
,,,,,, 
""' ""' ""' ""' ' "-....'\.'\.'\\\ ' ""' "\. ' ' .................. '\ \i ' ' ' ' ...... ............ ' ' ',, '\. '\. ...... ...... ...... ...... ' .......... '" ...... ...... ...... ...... ..... ...._ ........ .. ......... ,,,
::::: ::::: ...... ::::: ::::: ::::: ::::: ::: ::: ::: ::: ~ ; ..... 
4.0 5.0 6.0 
x [m] 
3.0 4.0 z [m] 
Ar,=5385 
Ar,=720 
XO [m] 
Distance to virtual origin, Xo 
4.0 
0 x-3.0 m 
!::>.X•2.0m 
3.0 ox•l.O m 
0.0 0.5 1.0 1.5 2.0 e 
XO [m] 4.0 ....-----.,---------------., 
Ox•3.0m 
!::>.X•2.0m 
ox•l.O m 
3.0 -+-----' 
2.0 
1.0 
0.0 0.5 1.0 1.5 2.0 e 
12 
Ar,=94 
XO [m] 4.0 
2.0 
x=2.0m 
XO [m] 4.0 
2.0 
0.0 
0.0 
Ox•3.0m 
t::.x•2.0 m 
o x=l.O m 
0.5 
13 
2.0 e 
1.0 l.S 2.0 e 
Increment of layer thickness, 66 , with distance from the inlet device 
Ar,=720 
~[cm] 
25.0 
15.0 
0.5 2.5 
14 
e-1t/4 
~ _,.~~'--- e-51t/12 
e--6-1t/2 
6•7t/6 
4.5 
e- 1t/3 
x [m] 
Ar,=1370 
Ar,=5385 
o [m] 
25.0 
15.0 
5. 0 -t-.-,-,,.....,.-,.-,-.,-,--,...,...--r...,--r--,-,--,-,,.....,.-,....,.-T'"'"'"T"""-r-r-.....--.-l 
0.5 2.5 4.5 x[m] 
~[m] 
25.0 
15.0 
5.0 -t-.-,-,r-r-T'"'"'"T"""T'"'"'"T"""T""T""...--r....--r-r-r-,-,r-r-.-r-..-.--.,-,-~ 
0.5 2.5 4.5 r [m] 
15 
/12 
Variation of airflow rates, q6 , along the angle e = 0 --+ TC/2 
0.4 
0.2 
o Air5385 
L:\.Arr"'137o 
o Air720 
0. 0 -+-...........,--,-,,.....,.---,..--,-,..--,-,..-,-,..-,-or-r-..--.---.-.--.-.-...,--,--r-T"...,........,--,--l 
0.0 0.5 1.0 1.5 a 
16 
Vector plots, room with an obstacle 
3.0 
2.0 
1.0 
0.0 
0.0 
rm tt r r 
rmtt r r 
f 
r 
r 
3.0 irfiJt 1 1 1 
i1ii1111 1 
2.0 
1.0 
0.0 
0.0 1.0 
1 
r ! 
t ! I 
1 ! ! 
! I I 
I I' 
)' 
/ 
2.0 
' ' -
I 1 ' \, 
! ! 1 ... 
I I I .... 
I I I .... 
/ l' J' 
///' 
/'/'/' 
/"/"/' I' 
.,/".,.?',.-. "' .... 
....--"'? _,. ~ .... 
.... 
3.0 
17 
\. \ \ \ l 
"' \. \ \ 
... "' '1. \ 
.... "' "' \ \ j j 
.... .... ...,. ........... 
.... ..... ......... ' 
..... ..... --.--/' 
x [m] 
Comparison between maximum velocities, pressure, momentum and layer 
thickness in the centre line of a room with and without an obstacle 
0 with obstacle ~ without obstacle 
0.3 
0.2 
0.1 
0.0 
0.0 2.0 4.0 6.0 x [m] 
p [Njm2] 
4.0 
2.0 
0.0 --h-r-r-r-r-r-r-r-r...,...,.-,--....,...,....,...,....,...,....,...,....,...,....,...,....,...,.-r-r-1 
0.0 2.0 4.0 6.0 x [m] 
18 
M [kg ID/s2J 
0.04 
0.02 
0.0 2.0 4.0 6.0 x [m] 
~[cm] 
0.0 2.0 4.0 6.0 x [m] 
Note : The momentum flow is calculated by integration in an infinitesimal angular section 
of the flow in the centre line. The upper limit of integration, o, corresponds to U/2 : 
6 
M = xd6p f U(y)2dy 
0 
19 

8.00 _ 
\1 
I 
E6.00 
___I 
0 
o-4. 00 
"' X 
APPENDIX 
(0 
5 2.00 Go -n- k ~ 1J -o_o-.. c I " 2 ~.s -oo · -
--.,. ___ -.A C\::; D \ '1 ?. - C O - 2('. 
v V "' 1 '65-o I - ' 
0.00~~~~~~~~~~~~~~~~~ 
0.00 0.50 
1 /r 
k 
1 . 00 
[m] 
8• 1 Av:{ "'72.0 Arr"' 11o70 A r, "'5325 ' I ~I 
----~--- - - - - -- -- ----- ---- --- ---- ---- - .. -- ---- - - -- - -- ------
0. o · o. ') 1 2 7 I Lt 'l 
0.2G ~-g 4. 5 _ §_.?-___ _ __ ___ _ 
1
- I 
0.52 4.2 - 5.2 I ~-'J 1 - ----------~_ --- ----- ----------- r------- ------ -- -- -- - ~- - ----------- - --
0.7S I 5.1 . (o 0 f.o .7 I -- -- t-- --- ---; ----· -·-- --- - -- -- -i ·-·-
tos 
1 
b.5 j - -~.9 -~-]_1 _____ ~------
1 • 50 
,\ =j 1 I I 8 I 3 -~ i t . 5 l 
157 1 ~0 J . 92____ i _ ')j_ -:~== 
6.00~--------------~~~~--~----~ 
\J 
I E 4. 00 
---' 
0 
0"" 
"' X 2. 00 
(0 
E 
J 
6-o K= -- -=L o 
1 -: 0 iO' 
~ - 0 
K~-- =5.2 
\.2'2- D o'7 
o!i 6 = : K~ b- o ~ ,, 5 
6 6 - 0:: 1\. ':- oJio -'1· 
'l!!r--.!r---6----,~- K= ~·~ ~o~; c 2.7 
0.00~~~~~~~~~~~~~~~~~ 
0.00 0.50 
1 /r 
1. 00 
[m] 
1 . 50 
14.00 
\J 
I 
E: 
0 
0"' 
"'2. 00 
X 
«J 
E: 
J g~~ 
--~~:~--~----~e~! 
.....__ __ -o-_ __......: ---~ <9 0 G2 
0.00~~~~~~~~~~~~~~~~ 
4 0 ~OQ 
K"' 1.a -o.c'>J ""5.~ . 
s.o . 0 0 
\<:_::;,~~Lt .2 
k ~ 2 -~5- 0 ::: ~ ?S 
VS-0'11 • 
~::;~ - 0 ,1) ,0 
~~ -0 
0.00 0.50 1 . 00 
[m J 
1 • 50 
1 /r 
(f) 
"' E 
L.J 
0. 1 
X 
(0 
E 
:J 
(f) 
" 0. 1 
E 
X 
(Q 
E 
J 
r [m] 
r [m] 


